Aim: To analyze how many measurements are needed for non-invasive assessment of liver stiffness (LS) by means of 2D-Shear Wave Elastography (2D-SWE) and if the use of mean of median values of 2D-SWE measurements is needed. Methods: We evaluated 449 consecutive subjects (with or without chronic liver disease) by means of Transient Elastography (TE) and 2D-SWE. We compared the correlation of LS assessed by TE with 2D-SWE measurements when using either the median of 5 valid 2D-SWE measurements or the mean of 3 or 5 valid 2D-SWE measurements. Results: We obtained reliable LS measurements by TE in 330/449 subjects (73.5%). From these, in 281 subjects we obtained 5 valid 2D-SWE measurements. The correlation of LS assessed by TE with 2D-SWE values was similar when we used the median value of 5 valid 2D-SWE measurements, the mean value of 5 valid 2D-SWE measurements or the mean value of 3 valid 2D-SWE measurements: r =0.683, r=0.711 and r=0.691, respectively. There were no significant differences between the median value of 5 valid 2D-SWE measurements; the mean value of 5 valid 2D-SWE measurements; or the mean value of 3 valid 2D-SWE measurements: 7.6 kPa, 7.7 kPa and 7.6 kPa, respectively. Conclusions: Our study showed that it is enough to perform 3 valid 2D-SWE measurements and to use the mean value of these measurements.
How many measurements are needed for liver stiffness assessment by 2D-Shear Wave Elastography (2D-SWE) and which value should be used: the mean or median?
Introduction
Chronic liver diseases encountered in daily practice are due to chronic viral infections or to other conditions, such as alcoholic steato-hepatitis (ASH) or non-alcoholic fatty liver disease (NAFLD). The evaluation of chronic liver disease's severity is mandatory, for a decision regarding therapy or to establish prognosis. For many years, liver biopsy (LB) was the only method to evaluate such patients and it is still considered the "gold-standard" method [1, 2] . In the last years non-invasive modalities for liver diseases' assessment are being used more and more in daily practice, especially in Europe.
The non-invasive evaluation of the liver disease can be performed either by biological tests or by elastographic methods. From the elastographic methods, those which use ultrasound waves are more developed. Recently, the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) issued Guidelines for the use of ultrasound-based elastographic methods for the evaluation of different organs and pathologies, including liver stiffness (LS) evaluation as a marker of fibrosis. According to these Guidelines [3, 4] , the elastographic methods are divided into strain/displacement techniques and shear wave speed techniques. The last category includes Transient Elastography (TE), point shear wave elastography (Acoustic Radiation Force Impulse elastography -ARFI and ElastPQ tech-nique), and shear wave elastography (SWE) imaging (including 2D-SWE and 3D-SWE).
Currently, the only validated ultrasound-based elastographic technique is TE [2, 4, 5] . Recently, a meta-analysis showed that ARFI elastography has a similar value with TE for non-invasive liver fibrosis assessment [6] . Regarding the usefulness of 2D-SWE, until now only relatively few, but promising data were published [7] [8] [9] [10] [11] [12] .
Unlike TE, for which the manufacturer recommended that 10 valid liver stiffness (LS) measurements should be performed and to calculate the median of these values, the manufacturer of the 2D-SWE device did not recommend a specific protocol for LS measurements. Published studies used different numbers of measurements; in some the median, and in others the mean value of LS measurements was considered as an indicator of fibrosis [7] [8] [9] [10] [11] [12] .
The aim of this study was to analyze how many LS measurements are required for non-invasive assessment of liver fibrosis by means of 2D-SWE and if we need to use the mean or the median value of the 2D-SWE measurements.
Material and methods

Subjects
Our prospective study included 449 consecutive subjects (with or without chronic liver disease) in which liver stiffness was evaluated in the same session by means of TE and 2D-SWE between May 2012 and April 2013. We included in our study: healthy volunteers (defined as subjects without a history of liver disease, with a normal abdominal ultrasound examination, but in which additional tests, such as aminotransferases, viral markers were not performed), patients with viral or non-viral chronic liver disease without cirrhosis, and patients previously diagnosed with liver cirrhosis by means of clinical, biologic, ultrasonographic, endoscopic, morphological and/or laparoscopic criteria.
All subjects agreed to undergo elastographic measurements; the study was approved by the local Ethics Committee and was performed in accordance with the last revised version of the Helsinki Declaration.
Transient Elastography (TE) Transient Elastography was performed in all subjects with a FibroScan® device (EchoSens, Paris, France) in fasting condition. In each patient, we aimed for 10 valid TE measurements. The examination was performed in supine position, by intercostal approach, with the right arm in maximum abduction, using a standard M-probe; a median value of 10 valid LS measurements was calculated and the results were expressed in kilopascals (kPa). Reliable measurements were defined as: median value of 10 valid LS measurements with a success rate (SR = ratio of the number of successful acquisitions divided by the total number of acquisitions) ≥ 60% and an interquartile range interval (IQR=the difference between the 75th and 25th percentile, essentially the range of the middle 50% of the data) <30% [13] . The operators who performed TE measurements were blinded to all clinical, biological and 2D-SWE data.
2D -Shear Wave Elastography (2D-SWE)
The evaluation of LS by 2D-SWE was performed with an Aixplorer ® ultrasound system (SuperSonic Imagine S.A., Aix-en-Provence, France), using a SC6-1 convex probe. By this technique a quantitative elasticity map of the medium was obtained. This map is required to image the propagation of the shear-wave and to measure its velocity. Because the shear waves generated into the tissue by the acoustic pulse propagate at a few meters per second, a frame rate of several kilohertz is needed to image them. This is not possible using conventional ultrasound scanners (they usually reach a frame rate of approximately 50 Hz). For this reason, an ultrafast, ultrasonic scanner is required, able to remotely generate the mechanical shear wave, by focusing ultrasound at a given location, and image the medium during the wave propagation at a very high-frame rate (up to 6000 images/s). 2D-SWE technique allows the acquisition of echographic images at a pulse repetition that can reach 6000 Hz. The results of LS measurement may be displayed in units of shear wave velocity (meters/second) or converted into units of Young's modulus (kPa), similar with TE [3, 14] .
In this study, we aimed to achieve in each patient 5 valid LS measurements by 2D-SWE. The examination was performed in fasting condition in supine position, with the right arm in maximum abduction, by intercostal approach, in the right liver lobe, 1.5-2 cm under the liver capsule, in an area of parenchyma free of large vessels, using a box of 3.5 x 2.5 cm in which a 1.5 cm diameter circular region of interest was selected (fig 1) . We con- Liver stiffness measurement by means of 2D-SWE technique sidered a valid 2D-SWE measurement the situation when a homogeneous color map in the box of 3.5 x 2.5 cm was obtained. For each subject we calculated the mean of 3 and 5 valid LS measurements and also the median of 5 valid measurements. We did not use 2D-SWE quality measurements criteria because neither the manufacturer nor other published studies recommend their usage.
The operators who performed 2D-SWE measurements were blinded to all clinical, biological and TE data.
Statistical analysis
The statistical analysis was performed using the MedCalc Software, version 12.7.0 (MedCalc program, Belgium). The Kolmogorov-Smirnov test was used for testing the distribution of numerical variables. Mean value and standard deviation were calculated for numerical variables with normal distribution, while in cases of non-normal distribution, median values and range intervals were used. Qualitative variables were presented as numbers and percentages. For comparing numerical variables with normal distribution, t-test was used; otherwise Mann-Whitney test was performed. Spearman r correlation coefficient was used to assess the correlation between LS measurement and 2D-SWE values. Fisher Z test was used for comparing Spearman r correlation coefficients. For each statistical test 95% confidence intervals were calculated and a p-value < 0.05 was considered as significant for each statistical test.
Results
The main characteristics of the 449 subjects included in the study are presented in Table I .
Reliable LS measurements by TE were obtained in 330/449 subjects (73.5%). From these subjects, in 281 cases we obtained 5 valid 2D-SWE measurements and these subjects were included in the final analysis.
The correlation of LS assessed by TE with 2D-SWE values was similar when we used the median value of 5 valid 2D-SWE measurements, the mean value of 5 valid 2D-SWE measurements or the mean value of 3 valid 2D-SWE measurements (Table II) .
There were no significant differences between the median value of 5 valid 2D-SWE measurements; the mean value of 5 valid 2D-SWE measurements; or the mean value of 3 valid 2D-SWE measurements: 7.6 kPa (range 3.8 -91.6 kPa), 7.7 kPa (range 3.8 -87.6 kPa) and 7.6 kPa (range 3.7 -82.4 kPa), respectively (fig 2) .
Discussion
In order to be able to use an elastographic technique in daily clinical practice and to compare the results of different studies, it is very important to have a homogeneous examination technique. The technique of LS assessment by 2D-SWE is quite different among published [17] [18] [19] ; 12 LS measurements [20] or 20 measurements [21] were also used; but today there is a consensus to use the median value of 10 valid LS measurements, similar with TE.
Regarding 2D-SWE, published studies used three [12] , four [8] or five [7, 10, 11] valid measurements. Also, in some studies the mean value of LS measurements was used [8, 12] , while in others the median value of 2D-SWE measurements was calculated [10] . The results of our present study showed similar correlations of LS values evaluated by means of TE and 2D-SWE, regardless if mean or median values of 5 valid 2D-SWE measurements were calculated and also if the mean value of 3 LS measurements was used. Thus we can recommend the use of the mean value of 3 valid 2D-SWE measurements in clinical practice, thus shortening the time required to evaluate a patient.
The necessity to use quality criteria for LS measurements by means of 2D-SWE technique is another issue. Some published 2D-SWE studies used measurements quality criteria [10, 11] , while others did not use any quality parameters [7, 8, 12] . Similar with the number of LS measurements, only the manufacturer of the TE device clearly specified the quality criteria parameters (IQR <30% and SR ≥ 60%) needed for an accurate assessment, but recently new TE quality criteria were proposed [22] . Published studies in the field of ARFI elastography demonstrated that the accuracy of this technique for the non-invasive assessment of liver fibrosis increase significantly by using quality criteria measurements (especially IQR) [23, 24] and subsequently the manufacturer updated the software so that these parameters are automatically displayed. Large 2D-SWE studies using LB as "goldstandard" method are required in order to evaluate the usefulness of technical parameters for this technique.
The strong point of our study is the large number of subjects evaluated, but a limitation is the absence of LB. Lately, many papers no longer use LB as a reference method for liver fibrosis assessment. Instead, an elastographic method -such as TE, or serological tests [7] are used. In a fast moving scientific world, the time needed to perform studies comparing new elastographic methods to LB is usually too long (due to the decreasing number of LBs). Thus, a surrogate can be the comparison with TE, which is a validated ultrasound-based elastographic technique [2, 4, 5] .
Conclusions
Our study demonstrated that it is enough to perform 3 valid 2D-SWE measurements and to use the mean value of these measurements for the non-invasive assessment of liver fibrosis by means of this elastographic technique.
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